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Salmonella Egg Survey in Hawaii:
Evidence for Routine Bacterial
Surveillance
Myra R Ching-Lee, MPH, Alan R Katz, MD, MPH, David M. Sasaki,
DVM, MPH, and Henri P. Minette, DrPH

Intodudion

Large outbreaks ofhuman salmonel-
losis in the United States, related to egg
products and cracked shell eggs, led to
the passage of the Egg Products Act in
1970. This law required visual inspection
of eggs for cracks as well as mandating
pasteurization for all bulk egg prod-
ucts.12 Although this legislation led to an
initial decrease in egg-related Salmonella
outbreaks, they have again begun to
rise.-5

Contamination of eggs with Sabno-
neUla can occur in several ways: egg shells
may be contaminated by feces6; cleaning
procedures maybe improper7; the interior
of the egg may be contaminated by the
shell being cracked. Contamination may
also be intemal, prior to shell formation
through transovarian transmission.5,8 In
1989, an Oahu high school student, as part
of a science project, cultured two dozen
eggs from a supermarket in Honolulu for
SalmoneUla. Nine of 24 eggs (37 percent)
were culture positive. The high recoveiy
rate prompted the Hawaii State Depart-
ment of Health to conduct a more defini-

tive prevalence survey for Salmonella
among eggs for sale in Oahu supermar-
kets.

Mehod
Eggs representing 12 available

brands were collected once each week for
an eight-week period from June 26
through August 19, 1989. The sampling
unit was defined as a carton of 12 large
grade A eggs. The carton closest to the
aisle was chosen without opening it. Fol-
lowing collection, the eggs were immedi-
ately transported to the Hawaii State De-
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partment ofAgriculture (DOA) laboratory
for testing. No eggs were damaged,
cracked, or visibly soiled.

Of the 12 brands available for study,
three were from US mainland producers
and nine were locally produced. Fourteen
dozen eggswere potentially available each
week from each of the 12 brands, as two
brands sold both white and brown eggs.
Both white and brown eggs were sampled
when available. Three brands on some
weekswere not available at the designated
supermarket locations. Unsuccessful at-
tempts were made to locate these brands
at other store locations. A total of 106
dozen eggs were sampled and cultured.

Isolation and identification ofSalmo-
nella from eggs were conducted using
methodology from the US Food and Drug
Administration,9 with one variation. In
addition to the recommended incubation
temperature of 35 degrees Celsius (C) for
samples in tetrathionate enrichment me-
dium, a second incubation temperature
(41 degrees C) was used.10,11

In order to avoid cross-contamina-
tion ofsamples, glasswarewas autoclaved
prior to and between each use. Individual
sterile pipettes and sterile gloves were
used, and the pre-enrichment media were
autoclaved.

The eggs from each dozen were sep-
arated into two flasks; one containing the
shells and the other containing the magma
(white and yolks). All samples were incu-

bated for 18-24 hours in a lactose broth,
pre-enrichment medium.9

Samples from each flask were then
transferred to two flasks containing
tetrathionate enrichment broth. One set of
samples was incubated at 35 degrees C
and the other at 41 degrees C.10°11 After
incubation for 24 hours, one loopful from
each flask (magma and shell) was streaked
onto plates of Xylose Lysine Desoxy-
cholate Agar (XLD) and Brilliant Green
Agar (BGA).9 Isolates were serotyped us-
ing Centers for Disease Control meth-
ods.12

Results
Salmonellae were detected in 10 car-

tons (9.4 percent) of the 106 dozen eggs
sampled. Positive samples were from
shells only. Salmonellae were detected in
samples from only three of the 12 brands
examined. The brand with the highest
weekly prevalence (6/8) was locally pro-
duced; the second highest (3/8) was a
mainland brand; while the third highest
(1/8) was a local brand.

Use of two enrichment incubation
temperatures resulted in improved Salno-
nellae isolation rates. Three of the 10
dozen eggs testing positive came only
from the enrichment medium incubated at
41 degrees C. One positive sample came
only from the enrichment medium incu-
bated at 35 degrees C. The remaining six

dozen positive samples grew at both tem-
peratures. Serotypes braenderup, ora-
nienburg mbandaka, cerro, ohio, ha-
vana, montevideo, and lIvingstone were
detected (Table 1).

Discussion
An earlier egg survey done in Ha-

waii13 as well as surveys conducted in
New York,14 Missouri,15 British Colum-
bia, 16 India,17 and Saudi Arabia18 demon-
strated the prevalence of SalmoneUla on
the surface of washed, commercially
processed egg shells to be 0-2 percent.
However, these surveys used only a single
enrichment incubation temperature.

The use of two incubation tempera-
tures for the enrichment medium in-
creased the sensitivity for Salmonela de-
tection in the present study. Salmonella
would have gone undetected in three of
the 10 dozen eggs had only the standard
incubation temperature been used.

The US mainland brand eggs testing
positive for Sabnonella were traced to a
USDA supervised plant in California.
Upon inspection, no deficiencies were ob-
served in this plant. The two brands of
locally produced eggs were traced to one
processor and a single farm. As a result of
this study, the Hawaii State DOA in-
spected the processing plant. Equipment
used in the eggwashing and sanitizing pro-
cess was found to malfunction. The com-
pany voluntarily agreed to cease opera-
tions until the deficiencieswere corrected.
The eggs were diverted to another facility
for processing pending repair of the de-
fective equipment. To date, the facilityhas
not resumed operations as an egg proc-
essing plant. It is currently being used as
a storage facility (personal communica-
tion DOA).

Recent reports of egg-associated sal-
monellosis have incriminated Grade A
shell eggs that were considered to have
been properly processed.2-5,8 While trans-
ovarian transmission has also been impli-
cated as a possible cause for the resur-
gence in egg-borne salmonellosis,5,8
deficiencies in egg-processing procedures
may be of more importance.

In Hawaii, the state DOA is the only
state agency with regulatory authority
over the egg industry. However, the scope
of its activity is limited to the structural
integrity of the eggs. Currently, there are
no regulations that mandate active surveil-
lance and monitoring of eggs for bacterial
contamination. Our data indicate that vi-
sual inspection of eggs is not enough. On-
going egg bacterial surveillance with im-
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proved laboratory methods, including the
use of two enrichment incubation temper-
atures to increase Sablonella culture sen-
sitivity, would allow for early detection of
deficiencies in egg handling and process-
ing, and could eliminate Sabnonella egg
contamination as a potential cause of dis-
ease in the community. []
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Agricultural Machine-Related Deaths
Jo/rn R Etherton, MEA, John R Myers, MSF, Roger C. Jensen, PhD, Julie
C. Russell PhD, and Richard W. Braddee, BA

Introduction

Fatalities among farm machine opera-
tors present a conspicuous injury target for
public health action.`3 Farm tractors are
known to be particularly deadly,' but pre-
vention progms appear to be floundering.

As a first step toward the establish-
ment ofpriorities for fatality prevention pro-
grams in agriculture, we decided to examine
the National Traumatic Occupational Fatal-
ity(NTIOF) database maintainedbythe Na-
tional Institute for Occupational Safety and
Health (NIOSH).7'8 Previous analysis of
NTOFdatafortheyears 1980-85 had shown
that the Agriculture, Forestiy, and Fishing
industry had a fatality rate of 20.7 per
100,000workers, a rate 2.6times higherthan
the national average for all industries of 7.9
deaths per 100,000 workers.7

Methods

Death certificate data inNTOFwere
reviewed to identify persons killed while
working with machines. Machine-related
fatalities were identified by codes E919.0
to E919.9 according to ICD-9. Next, the
type of machine involved in each ma-
chine-related fatality across all United
States industries was ascertained by re-
viewing the description of the cause of
death on the death certificate. All agri-
cultural tractor-related fatalities were
then categorized and compared by the
Standard Industrial Classification (SIC)
for the industry in which the incident oc-
curred.9 Age at death was determined for
those fatalities associated with tractors,
augers, hay balers, combines, and other
agricultural machines.
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